Background: The disequilibrium of local immune microenvironment is an essential element during tumorigenesis. Method: By conducting real-time polymerase chain reaction, we identified the mRNA level of immune factors, FoxP3 (forkhead box protein P3), CCL22/CCR4 (chemokine (C-C motif) ligand 22/CC chemokine receptor 4), OX40L/ OX40 (tumor necrosis factor superfamily member 4/tumor necrosis factor receptor superfamily member 4) and Smad3 (SMAD family member 3) in neoplastic foci and its periphery tissues from 30 cases of squamous cervical carcinoma and 20 cases of normal cervix.
Background
Cervical cancer is the fourth most common female malignant disease globally, posing a serious threat to women's health. The latest data released by WHO showed that there were 528,000 new cases and 266,000 deaths all over the world in 2012. Roughly 62,000 new cases were reported in China along with 30,000 deaths [1] . Worse still, cervical cancer is becoming more and more prevalent among young Chinese women [2] . Epidemiological evidence has confirmed that HR-HPV (high-risk human papilloma virus) is the trigger of cervical cancer. Normally, HPV infection is frequent among women and about 90% can be spontaneously cleared [3] [4] [5] . While 10% persists, which is crucial to malignant progression. Studies have illustrated that HPV exploits kinds of mechanisms to hide from being inactivated, such as restraining the activity of NK (natural killer cells) [6] [7] [8] and LCs (langerhans cells) [9] . Tumor immune microenvironment is a complex milieu maintaining a delicate balance between inflammation and tolerance [10] . Once broken, host cells infected by HR-HPV can't be eliminated effectively, allowing for tumorigenesis, tumor progression and metastasis.
FoxP3 + Treg has been identified as a notorious immunosuppressive cell in local site. FoxP3 is regarded as a critical marker to the development and negative immune effect of FoxP3 + Tregs. CCL22 is one of CC chemokines produced by macrophages, dendric cells and tumor cells. CCR4, confirmed as its specific receptor, is mainly expressed in different T cell subsets, including Th2 (helper T cell) and regulatory T cells. The CCL22-CCR4 axis could induce the expression of FoxP3 in Tregs [11] and infiltrate FoxP3 + Treg selectively into tumor sites, contributing to form an immunocompromised environment in favor of tumor growth. OX40 is highly expressed on effector T cells and Tregs. Its ligand named OX40L, is mostly localized on activated APC (antigen presenting cell). Plenty of evidences have demonstrated that OX40L-OX40 axis is of great importance to impede the suppressive function of Treg by inhibiting TGF-β-driven (transforming growth factor-β) conversion of naive CD4 + FOXP3 − T cells into CD4 + FOXP3 + T cells [12] . Smad3 is a pivotal intracellular mediator for participating in the activation of multiple immune signal pathway. TNF-α (tumor necrosis factor-α) impairs the differentiation and function of TGF-β-induced FoxP3 + Tregs by inhibiting the phosphorylation of Smad3. Moreover, studies from Smad −/− mice have testified that the loss of Smad3 induced IgG2a expression, leading to an obvious enhanced Th2 reaction and Th1/Th2 shift [13] . Low expression of Smad3 has been found in acute T-cell lymphoblastic leukemia [14] and gastric carcinoma [15] .
Hitherto, the expression profile of these immune factors in the immune microenvironment of cervical cancer has not yet been identified. We therefore examined their expression in cervical tissues with the aim of delineating their individual and underlying combined effects in modulating the local immune state and tumorigenesis.
Methods
Tissues samples from 30 patients with cervical squamous cell carcinoma and 20 patients with hysteromyoma treated in the department of gynecology of The First Affiliated Hospital of Xi'an Jiaotong University were recruited from 2014 to 2015, with an median age of 43.6 (range 27-62) years. All the cancer cases were diagnosed without lymphovascular invasion or lymphatic metastasis, including 22 cases of low grade squamous cell carcinoma and 8 cases of high grade squamous cell carcinoma, with 27 HPV-positive cases and 3 HPV-negative cases. The control group comprised 6 HPV-positive cases and 14 HPV-negative cases.
Sample collection
After the uterus was removed in the surgery, we collected about 2x1x1cm 3 normal cervix or neoplastic foci and pericarcinous tissues of the same size on or beside the cervical lesions macroscopically and rinsed the blood out of the specimen with PBS buffer in sterile condition immediately. These specimens were preserved in liquid nitrogen or −80°C refrigerator.
Real-time PCR
Total RNA was extracted and purified from tissue specimen using TRIzol Reagent (15596-026, life, USA). The RNA concentration was determined by spectrophotometric assay.4 ug of total RNA with 0.4uM of specific primer was then subjected into cDNA using PrimeScript TM RT Master Mix (RR037A, TaKaRa Japan), followed by real-time PCR using SYBR Prime Ex Taq TMII (RR820A, TaKaRa Japan) according to the manufacturer's instruction (C1000 Thermal Cycler, BIO-RAD, USA). The primers used were as follows ( Table 1 ). The expression level of targeted genes was calculated using internal control GAPDH mRNA and the 2 -△△Ct methods.
Statistical analysis
All data was processed by SPSS 20.0 statistical software. Mann-Whitney U rank sum test and Spearman rank correlation analysis were chosen for data managing. A P value of less than 0.05 was considered to indicate statistical significance. To discover whether mutual effect existed in local site among these factors, correlation analysis was conducted of their mRNA level. The results showed that the mRNA level of CCL22 was positively correlated with FoxP3 in neoplastic foci and adjacent tissues (r = 0.353, r = 0.307, P < 0.05) . Parallel outcome was observed between the mRNA level of FoxP3 and CCR4 (r = 0.607, r = 0.205, P < 0.05), CCL22 and CCR4 (r = 0.786, r = 0.344, P < 0.05), as well as OX40 and Smad3 (r = 0.384, r = 0.288, P < 0.05). The correlation analysis indicated that in immune microenvironment of cervical cancer, the mRNA level of CCL22 and CCR4 was strengthened as the Foxp3 mRNA level increased and vice verse. The pairwise correlation prompted that inhibitory regulators, FoxP3, CCL22 and CCR4 may magnify each other's negative function through inducing mutual expression of mRNA, then synergistically promote local immunosuppression. As the mRNA level of OX40 and Smad3 was decreased in neoplastic foci and pericarcinous tissues, the potential congenerous effect of OX40 and Smad3 might be weakened in local microenvironment of cervical cancer. Conversely, the mRNA level of CCL22 seemed to be inversely related to OX40 (r = −0.288, r = −0.263, P < 0.05), which hinted us that there still underlies counteraction between CCL22 and OX40 to accentuate immune inhibition. While no correlations were found between other factors 4. Immune repressors, FoxP3 and CCL22, were vibrant while promoter Smad3 was sluggish in HPV-positive local cervical microenvironment.
To assess the association between HPV infection and immune factors mRNA level, the total 50 samples were divided into HPV-positive and HPV-negative group and comparison was performed. The results displayed higher level of mRNA of FoxP3 and CCL22 in HPV-positive cancerous and adjacent tissues comparing to HPV-negative corresponding tissues. While lower level of Smad3 mRNA was observed in HPVpositive cancerous tissues than that in HPV-negative cases. All these outcomes indicated that in the backdrop of HPV infection, the immunosuppressive impact of immune repressors might be aggravated while immunological acceleration of enhancer be passivated which tilted the immune status to the tolerance condition. The mRNA level of CCR4, OX40L and OX40 were invariable in cervical tissues regardless of different HPV infection status (Fig. 3) . and CCR4 in nasal NK/T cells lymphoma, lung and breast cancer [22] [23] [24] . As mentioned above, HPV infection is the key causative element of cervical carcinogenesis. Several studies have found that the expression product of HPV can convert local cytokines profiles in cervical lesion called Th1/Th2 shift by decreasing the levels of Th1 cytokines and increasing the Th2 cytokines [25] . In our research, we noticed higher level of FoxP3mRNA and CCL22mRNA in cancerous and adjacent tissues with HPV infection, which reminded us that in the context of HPV infection, immune regulators that favor negative effect could be accumulated in local situs to incline the immune status towards suppressive side. 2. Inspiring anti-tumor regulators were overwhelmed in cervical cancer immune microenvironment and conducive to carcinogenesis. Compared to normal cervix, the mRNA level of OX40L/OX40 and Smad3 displayed a decrease in cervical cancer microenvironment. These factors expressed less in high grade squamous carcinoma cell than in low grade lesion, speculating that in immune microenvironment of cervical cancer, the positive role of OX40L/OX40 and Smad3 in upregulating immune response and repressing the cervical carcinogenesis was impaired. In addition, the less differentiated the cervical cancer cell was, the weaker these enhancers would be in anti-tumor immunological effect, intensifying the unbalance of local immunity and tumorgenesis. In cancerous tissues, the level of Smad3mRNA with HPV infection is lower than that in HPV-negative group, cluing us HPV could discourage the distribution of enhancer in local situs towards suppressive side. 
Conclusions
In summary, these results showed that the level pattern of mRNA of FoxP3, CCL22/CCR4, OX40L/ OX40 and Smad3 in cervical cancer immune microenvironment distinctly differed from that in normal cervix. Since mRNAs of positive immune factors OX40L/OX40 and Smad3 decreased while negative immune factors FoxP3 and CCL22/CCR4 increased, we infer that negative immune regulation factors conquer and hold the leadership in local immunocompromised microenvironment. Besides, their latent complex relationship not only amplify immune tolerance, but also hinder anti-tumor immune response, which further gives rise to the break of equilibrium of local immunity. Such immune model may involve in the outcome of HPV infection and cervical carcinogenesis. We look forward to subsequent research to uncover the hidden mechanism. 
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